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The Modi f ied  Cooper-Harper (1ICI.I) s c a l e  h a s  been shown t o  be  a  s e n s i t i v e  
i n d i c a t o r  of workload i n  s e v e r a l  d i f f e r e n t  t y p e s  of a i r c r e w  t a s k s  (Wierwi l l e  
and C a s a l i ,  1983). The s t u d y  t o  be d e s c r i b e d  i n  t h i s  paper  was under taken  t o  
de te rmine  i f  c e r t a i n  v a r i a t i o n s  of t h e  s c a l e  might p rov ide  even g r e a t e r  
s e n s i t i v i t y  and t o  de te rmine  t h e  r e a s o n s  f o r  t h e  s e n s i t i v i t y  of t h e  s c a l e .  
The MCH s c a l e ,  which i s  a  1 0  p o i n t  s c a l e ,  and f i v e  newly dev i sed  s c a l e s  were 
examined i n  two d i f f e r e n t  a i r c r a f t  s i m u l a t o r  exper iments  i n  which p i l o t  
l o a d i n g  was t r e a t e d  as a n  independent  v a r i a b l e .  The f i v e  s c a l e s  inc luded  a  1 5  
p o i n t  s c a l e ,  computer ized v e r s i o n s  of t h e  IICH and 15 p o i n t  s c a l e s ,  a s c a l e  i n  
which t h e  d e c i s i o n  t r e e  was removed, and one i n  which a 1 5  p o i n t  l e f t - t o - r i g h t  
format  was used.  
The r e s u l t s  of t h e  s t u d y  i n d i c a t e  t h a t  w h i l e  one of t h e  new s c a l e s  may be 
more s e n s i t i v e  i n  a  g iven  exper iment ,  t a s k  dependency i s  a  problem. The MCH 
s c a l e  on t h e  o t h e r  hand e x h i b i t s  c o n s i s t e n t  s e n s i t i v i t y  and r e n a i n s  t h e  s c a l e  
recommended f o r  g e n e r a l  use .  The MCH s c a l e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  
e a r l i e r  exper iments  a l s o .  T h i s  paper p r e s e n t s  t h e  r e s u l t s  of t h e  r a t i n g  s c a l e  
exper iments  and a l s o  d e s c r i b e s  t h e  q u e s t i o n n a i r e  r e s u l t s  whic;l were d i r e c t e d  
a t  o b t a i n i n g  a  b e t t e r  unders tand ing  of t h e  r e a s o n s  f o r  t h e  r e l a t i v e  
s e n s i t i v i t y  of t h e  MCH s c a l e  and i t s  v a r i a t i o n s .  
INTRODUCTION 
It h a s  g r a d u a l l y  become recognized t h a t  r a t i n g  s c a l e s ,  pi?operly des igned 
and t e s t e d ,  r e p r e s e n t  a s e n s i t i v e  and economical  means f o r  e s t i m a t i n g  mental  
workload. They can be used i n  a  s y s t e m a t i c  manner t o  o b t a i n  a  s i n g l e  
numerical  r esponse ,  which e s t i m a t e s  t h e  magnitude of t h e  nlul t id imensional  
c o n s t r u c t  of m e n t a l  workload. 
One of t h e  most popula r  and widely  accep ted  s c a l e s  i t h e  so -ca l l ed  
Cooper-Harper s c a l e  (Cooper and Harper ,  1969) .  T h i s  s c a l e  1.11corporates an  
unusua l  d e c i s i o n  t r e e  and d e s c r i p t o r s  d i r e c t e d  a t  handl.ing q u a l i t i e s ,  
s t a b i l i t y ,  and workload.  The s c a l e  i s  w e l l  s u i t e d  f o r  e s t i m a t i o n  of workload 
i n  manual c o n t r o l  sys tems.  For example, Wierwi l l e  and Connor (1983) showed 
t h a t  t h e  s c a l e  was q u i t e  s e n s i t i v e  t o  changes i n  turbulelnce l e v e l  and 
l o n g i t u d i n a l  s t a b i l i t y  i n  a n  i n s t r u m e n t  l and ing  t a s k .  V a r i a t i o n s  of t h e  
o r i g i n a l  s c a l e  have a l s o  appeared,  bu t  t h e y  t o o  have been d i r e c t e d  p r i m a r i l y  
* Now w i t h  Hughes A i r c r a f t  Co., Ground Systems Group, F u l l e r t o n ,  CA 
toward manual c o t l t r o l  a p p l i c a t i o n s  (Nor th  and Graf funder ,  1979; OIConnor and 
Buede, 1977 ;  S i e f e r t ,  D a n i e l s ,  and Schmidt,  1972; and Wolfe,  1982) .  r lore 
r e c e n t l y ,  W i e r w i l l e  developed a  modicat ion of t h e  s c a l e ,  c a l l s d  t h e  Modif ied 
Cooper-Barper (MC~I) ,  which cou ld  be u n i v e r s a l l y  a p p l i e d  i n  menta l  workload 
e s t i m a t i o n ,  r e g a r d l e s s  of t h e  t y p e  of l o a d i n g  imposed by t h e  t a s k  (Wierwi l l e  
and C a s a l i ,  1983)". I n  p a r t i c u l a r ,  t h e  s c a l e  was des igned  t o  provide a g l o b a l  
measure of mental  workload i n  t a s k s  having l o a d i n g  a long  communications, 
m e d i a t i o n a l ,  and p e r c e p t u a l  dimensions.  The s c a l e  was subsequen t ly  t e s t e d  and 
found t o  be exper imenta l ly  s e n s i t i v e  and v a l i d  i n  t h r e e  independent  s i a u l a t o r  
exper iments .  
Because t h e  MCK s c a l e  had a l r e a d y  been t e s t e d  and found adequa te ,  
q u e s t i o n s  cou ld  be asked r e g a r d i n g  t h e  reasons  f o r  i t s  s e n s i t i v i t y  and 
r e g a r d i n g  in~provements t h a t  might be made. Thus, a n o t h e r  stud,g was under taken  
i n  which t h e  MCB s c a l e  was s y s t e m a t i c a l l y  v a r i e d  i n  a n  e f f o r t  t o  g a i n  g r e a t e r  
i n s i g h t .  S p e c i f i c a l l y ,  t h e  NCH s c a l e  and f i v e  v a r i a t i o n s  einphasizing m j o r  
d e s i g n  a s p e c t s  were used i n  t h i s  s tudy .  The s i x  r a t i n g  s c a l e ;  were t h e n  used 
i n  two d i f f e r e n t  exper iments ,  one i n v o l v i n g  m e d i a t i o n a l  ( c o , $ n i t i v e )  l o a d i n g  
and one i n v o l v i n g  communications load ing .  The r e s u l t s  a r e  repor ted  i n  t h i s  
paper .  
METHOD 
T h i r t y  s i x  p i l o t s  (30 p r i v a t e  and 6 s t u d e n t )  p a r t i c i p a t e d ,  each 
p a r t i c i p a t i n g  i n  b o t h  exper iments .  Four p i l o t s  were f e m a l ~ ? s ,  and 32 were 
males. The p i l o t s  were t e s t e d  f o r  hear ing  and v i s i o n  u s i n g  s t a n d a r d  t e s t s .  
They were p a i d  f o r  t h e i r  p a r t i c i p a t i o n .  
The a i r c r a f t  s i m u l a t o r  used f o r  t h e  two f l i g h t  t a s k  exper iments  was a 
modif ied Singer-Link GAT-1B moving base ,  s i ~ u l a t o r .  The s i m u l a t o r  had t h r e e  
d e g r e e s  of p h y s i c a l  motion--yaw, p i t c h ,  and r o l l .  For bo th  exper iments ,  t h e  
s i lnu la to r  was equipped w i t h  t r a n s l u s c e n t  b l i n d e r s  t o  el:~.minate o u t s i d e  
d i s t r a c t i o n s .  The ambient i l l u m i n a t i o n  was h e l d  c o n s t a n t .  A :.ape1 microphone 
and speaker  sys tem were i n s t a l l e d  i n  t h e  s i m u l a t o r  cockpil: s o  t h a t  t h e  
s u b j e c t s  cou ld  communicate w i t h  t h e  "tower" ( e x p e r i m e n t e r ) .  To a s s u r e  t h a t  
t h e  s u b j e c t s  were c o n t i n u a l l y  p r o v i d i n g  i n p u t  c o n t r o l  t o  t h e  : ; imulator,  mi ld ,  
random wind g u s t s  were i n t r o d u c e d  i n t o  t h e  s i m u l a t o r  f l i g h t  dyr~amics.  For t h e  
m e d i a t i o n a l  exper iment  t h e  s i rnula tor  was a d d i t i o n a l l y  equipped w i t h  a  Kodak 
Ektagraph ic  s l i d e  p r o j e c t o r  (Model 260) mounted i n  f r o n t  of' t h e  s i m u l a t o r  
windscreen.  To colnputerize two of t h e  s i x  r a t i n g  s c a l e s ,  a T'RS-80 Nodel I11 
micro-computer was used.  The r a t i n g  s c a l e s  were programmed i r ~  BASIC, and t h e  
s u b j e c t  r a t i n g s  were performed on t h e  TKS-80 computer i n  6 reduced g l a r e  
s e t t i n g .  
S i x  r a t i n g  scale d e s i g n s  were used i n  b o t h  t h e  comruunications and t h e  
m e d i a t i o n a l  exper iments .  The f i r s t  r a t i n g  s c a l e  w a s  t h e  Modif ied 
Cooper-Harper (plCR) r a t i n g  s c a l e  d e s c r i b e d  e a r l i e r .  The klCH s c a l e  has  a 
3-3-3-1, d e c i s i o n  t r e e  s c a l e  s t r u c t u r e .  The second r a t i n g  s c a l e ,  COHPMCH, w a s  
a computerized v e r s i o n  of t h e  PlCIi s c a l e .  The TKS-80 was used t o  a d m i n i s t e r  
t h e  MCH s c a l e  t o  t h e  s u b j e c t s  on a  decis ion-by-decis ion b a s i s .  The s u b j e c t s  
* F i g u r e  1 of W i e r w i l l e  and C a s a l i  (1983) shows t h e  MCki s c a l e .  
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were on ly  p e r m i t t e d  t o  d e a l  w i t h  one primary d e c i s i o n  a t  a  t i n e .  Thus, t h e  
s u b j e c t s  d i d  n o t  know where each p r i n a r y  d e c i s i o n  would l e a d  on t h e  r a t i n g  
s c a l e .  (A t y p i c a l  cornputer frame of t h e  COMPMCH s c a l e  i s  i l l u s t r a t e d  i n  
F i g u r e  1 ) .  The computer implemented s c a l e  was used t o  d i s c o v e r  whether o r  n o t  
t h e  d e c i s i o n  t r e e  l o g i c  of t h e  MCH s c a l e  was being u t i l i z e d  o r  i f  t h e  s u b j e c t s  
were merely r a t i n g  on t h e  b a s i s  of t h e  c a t e g o r y  d e s c r i p t o r : ;  and numerical  
v a l u e s .  A f t e r  each computer r a t i n g ,  t h e  s u b j e c t s  were asked by t h e  computer 
i f  they were s a t i s f i e d  w i t h  t h e i r  r a t i n g .  I f  they were n o t  s a t i s f i e d ,  t h e  
program r e p e a t e d  t h e  procedure  f o r  r a t i n g .  When t h e  sub jec t ! ;  were s a t i s f i e d  
w i t h  t h e i r  r a t i n g ,  t h e  r a t i n g  v a l u e  was recorded.  To . i n v e s t i g a t e  t h e  
p o s s i b i l i t y  of a d d i t i o n a l  r a t i n g  s c a l e  c a t e g o r i e s  i n c r e a s i n g  t h e  s e n s i t i v i t y  
of t h e  MCH s c a l e ,  t h e  t h i r d  r a t i n g  s c a l e ,  MC'di- ( F i g u r e  2 ) ,  expanded t h e  NCH 
s c a l e  t o  a  15 p o i n t  d e c i s i o n - t r e e  r a t i n g  s c a l e .  One a d d i t i o n a l  c a t e g o r y  was 
added t o  t h e  f i r s t  t h r e e  r a t i n g  groups  and two a d d i t i o n a l  c a t e g o r i e s  were 
added t o  t h e  l a s t  r a t i n g  group,  g i v i n g  a 4-4-4-3 s c a l e  s t r u c t u r e .  The 
COMP>lCH+ s c a l e ,  t h e  f o u r t h  r a t i n g  s c a l e ,  was a  computerized v e r s i o n  of t h e  
MCH+ s c a l e  and was implemented i n  t h e  sane manner a s  t h e  COP.II'$lCH s c a l e .  
I n  t h e  f i f t h  r a t i n g  s c a l e ,  t h e  PBXCH (performance-based NCH) s c a l e  
( F i g u r e  3 ) ,  t h e  primary d e c i s i o n  h i e r a r c h y  was changed by manipulating t h e  
t r e e  s t r u c t u r e .  The PBlviCH d e c i s i o n  t r e e  f low was f r o n  l e f t  1:o r i g h t  and t h e  
f i r s t  d e c i s i o n  w a s  concerned w i t h  t h e  e r r o r s  of t h e  s u b j e c t s  in performing t h e  
i n s t r u c t e d  t a s k .  T h i s  s c a l e  was used i n  an  a t t e m p t  t o  iuprove  t h e  s e n s i t i v i t y  
of t h e  MCH s c a l e  by modifying t h e  d e c i s i o n  t r e e  l o g i c  of t h e  s c a l e  r e q u i r i n g  
a n  assessment  of t h e  s u b j e c t s '  e r r o r s  f i r s t  i n  t h e  r a t i n g  p r o c e s s .  F i n a l l y ,  
t h e  s i x t h  r a t i n g  s c a l e ,  t h e  NDT (no d e c i s i o n  t r e e )  s c a l e  ( F i g u r e  4 ) ,  removed 
t h e  v i s u a l  . d e c i s i o n  t r e e  s t r u c t u r e  from t h e  IICH s c a l e  t o  f;.nd o u t  how t h e  
v i s u a l  t r e e  a f f e c t e d  t h e  s e n s i t i v i t y  of t h e  MCH s c a l e .  The NDll s c a l e  p r e s e n t s  
t h e  MCH r a t i n g  i n f o r m a t i o n  i n  a  t a b u l a r  format.  
I d e n t i c a l  exper imenta l  d e s i g n s  were used i n  bo th  t h e  c o ~ ~ m u n i c a t i o n s  and 
m e d i a t i o n a l  exper iments .  Data  were analyzed a s  a  r a t i n g  s c a l e  by l o a d  (6x3) 
des ign .  Load p r e s e n t a t i o n  o r d e r  was complete ly  counterbalanceci .  Each s u b j e c t  
used on ly  one r a t i n g  s c a l e ,  which was t h e  same s c a l e  f o r  b o t h  exper iments .  
S i x  s u b j e c t s  used each s c a l e ,  r e s u l t i n g  i n  a  t o t a l  of 36 s u b j e c t s .  Thus, 
r a t i n g  s c a l e  was a  f i x e d - e f f e c t s  between-subjects v a r i a b l e  and load  l e v e l  was 
a  f i x e d - e f f e c t s  w i t h i n - s u b j e c t  v a r i a b l e .  Exper ience  l e v e l  w a s  c o n t r o l l e d  by 
d i v i d i n g  t h e  36 s u b j e c t s  i n t o  s e x t i l e s  accord ing  t o  f l i g h t  hours  and then  
s e l e c t i n g  one s u b j e c t  from each s e x t i l e  f o r  each r a t i n g  s c a l e .  
The c o m u n i c a t i o n s  exper iment  t a s k  and p r o t o c o l  were i d e n t i c a l  t o  t h o s e  
used by C a s a l i  and Wierwille (1983) i n  an  exper iment  comparing many d i f f e r e n t  
k i n d s  of workload e s t i m a t i o n  t echn iques .  The r e a d e r  i s  r e f e r r e d  t o  t h i s  
e a r l i e r  exper iment  f o r  a  d e t a i l e d  d e s c r i p t i o n  of t h e  t a s k .  B r i e f l y ,  t h e  
a i r c r a f t  c o n t r o l  and comaunicat ions  requ i rements  were performed s imul taneous ly  
i n  t h e  t a s k .  A f t e r  r each ing  a l t i t u d e ,  s u b j e c t s  mainta ined s t r a i g h t  and l e v e l  
f l i g h t  i n  mi ld  t u r b u l e n c e  u n t i l  2 n s t r u c t e d  t o  make changes.  
For  t h e  communications a s p e c t ,  t h e  s u b j e c t s  l i s t e n e d  t o  an 8-minute t a p e  
recorded  message t h a t  was played over  t h e  c o c k p i t  speaker  system. The t aped  
comuunications scenario was a "tower" controller with a male voice. The 
subjects were required to attend to two components of the taped scenario. The 
first component consisted of pilot commands. In the commands, the subjects 
were asked to change and report aircraft parameters (e.g. change altitude, 
heading, and radio frequency, and report airspeed, aircraft nodel, altitude, 
and heading). In the second component of the taped scenario, the subjects 
were presented with strings of randomly constructed aircraft call signs. Each 
call sign consisted of two international phonetic letters and two single 
digits (e,g. Alpha-Four-Bravo-One). Out of the randomly presented call signs 
the subjects were instructed to respond "now" to their specific call sign 
"One-Four-India-Echo" and to any of 5 permutations of the call sign which 
always featured "one" in the first position of the call sign. Thus, the 
subjects had six target call signs to listen for, each beginning with "one", 
as a cue to listen to what followed. 
The communications load was varied in this experiment by uanipulating the 
presentation rate of the target call signs and the non-target permutations of 
"One-Four-India-Echo." The three load levels were: low, 1 target every 12 
seconds with 0 non-target permutations; medium, 1 target every 5 seconds with 
30% permutations; and high, 1 target every 2 seconds with 40% permutations. 
The experiment began with a practice flight which contained equal 
portions of all three communications load levels. The data run flights then 
followed --one at each load level. After each of the experimental flights, the 
simulator was placed in autopilot control and the subjects left the simulator 
to make a rating on their respective rating scale. They then completed a 
questionnaire. The questionnaire was administered to allow the subjects to 
describe the factors on which their ratings were based. After the final 
experimental flight the subjects landed the simulator and were dismissed, 
(They returned later the same day to participate in the mediational , 
experiment. After completion of both experiments, they were debriefed, paid, 
and dismissed.) 
In addition to the ratings, all verbal responses of the subjects were 
recorded and later scored for errors of omission, errors of commission, and 
reaction times. 
COPfifUNICATIONS EXPERIMENT RESULTS 
The main statistical analysis results for the communication experiment 
are presented in Table 1. The rating scale scores for each rating scale were 
first subjected to a one-way analysis of variance. An a-lev121 of 0.01 was 
specified to account for the fact that six different rating scale ANOVA's were 
performed. Mean values, in terms of Z-scores for each rating scale, were also 
computed and appear in the table. For those ANOVAs resulting in significance 
at p < 0.01, Duncan's multiple comparisons were carried out. 
The results of the tests indicate that the MCH, COPIPMCH, and PBMCH scales 
resulted in significant ANOVA's. All three scales increased nonotonically 
with load. Furthermore, the three scales exhibited similar sensitivity, with 
the MCH showing slightly greater sensitivity than the other two, 
Two m u l t i v a r i a t e  a n a l y s e s  were performed on t h e  v o i c e  response measures,  
a t  a =  0.05, t o  test t h e  d a t a  f o r  performance v a r i a t i o n s  due t o  e i t h e r  t h e  
r a t i n g  s c a l e  grocps  o r  t h e  p i l o t  exper ience  l e v e l  groups.  The t h r e e  measures 
used were e r r o r s  of omiss ion,  e r r o r s  of commission, and response t imes.  The 
W i l k v s  U-l ikel ihood r a t i o  s t a t i s t i c  F-approximation i s  r e p o r t e d .  The r e s u l t s  
showed T h a t  t h e r e  were no s t a t i s t i c a l l y  s i g n i f i c a n t  performance v a r i a t i o n s  
among t h e  r a t i n g  s c a l e  groups (F - (15,  77) = 1.40, p  = 0.1663) nor  t h e  p i l o t  
e x p e r i e n c e  l e v e l  groups (F - (15,  77) = 1.61, - p  = 0.08g5). 
To o b t a i n  g e n e r a l  i n f o r m a t i o n  r e g a r d i n g  t h e  e f f e c t s  of p i l o t  exper ience  
l e v e l  and l o a d  p r e s e n t a t i o n  o r d e r  on t h e  r a t i n g s  of t h e  s u b j e c t s ,  conver ted  
and c o l l a p s e d  raw s c o r e  d a t a  were analyzed i n  two s e p a r a t e  ANOVAs. The 
r e s u l t s  i n d i c a t e d  t h a t  n e i t h e r  t h e  p i l o t s '  exper ience  l e v e l s  (F (5 ,  30) = 
2.43, p  = 0.0579) n o r  t h e  load  p r e s e n t a t i o n  o r d e r s  (F (1, 3 5 ) -  0.43, p  = 
0.5173) y f f e c t e d  t h e  r a t i n g s  of t h e  p i l o t s .  The exper ience  l e v e l  r e s u l t s  were 
ana lyzed  f u r t h e r  u s i n g  r e g r e s s i o n ,  bu t  t h e  a d d i t i o n a l  a n a l y s e s  d i d  no t  provide 
s i g n i f i c a n t  f i n d i n g s .  
The responses  t o  t h e  q u e s t i o n n a i r e  p r e s e n t e d  t o  t h e  s u b j e c t s  i n d i c a t e d  a  
s h i f t  i n  t o n e  from p o s i t i v e  t o  n e g a t i v e  as t h e  load  l e v e l s  p rogressed  from low 
t o  medium t o  high.  A Chi-square a n a l y s i s  on a  2  x  3  cont ingency t a b l e ,  
r e s p o n s e  t y p e  by l o a d  l e v e l s ,  r e s u l t e d  i n  X2 = 68.326, - p  <0.0001, conf i rming 
t h e  change of t o n e  due t o  l o a d  i n  t i e  r esponses  of t h e  s u b j e c t s .  
T y p i c a l  r esponse  c l a s s i f i c a t i o n s  were " t ime-shar ing" ,  " a i r c r a f t  c o n t r o l " ,  and 
" r e c o g n i t i o n  of t a r g e t  c a l l  s i g n s " .  
F i n a l l y ,  i t  i s  worth  ment ioning t h a t  t h e  hICH s c a l e  r e s u l t s  i n  t h i s  
exper iment  were v i r t u a l l y  i d e n t i c a l  t o  t h e  MCH s c a l e  r e s u l t s  ob ta ined  i n  t h e  
e a r l i e r  ( C a s a l i  and Wierwille, 1983) s tudy.  T h i s  i n d i c a t e s  a h i g h  degree  of 
r e p e a t a b i l i t y  f o r  t h e  MCH s c a l e .  
MEDIATIONAZ, EXPERIMENT 
T h i s  e x p e r i m e n t a l  t a s k  and p r o t o c o l  were a l s o  i d e n t i c a l  t o  an  e a r l i e r  
exper iment  i n  which m e d i a t i o n a l  a c t i v i t y  was emphasized (Wierwil le ,  Rahimi, 
and C a s a l i ,  1984) and i n  which many d i f f e r e n t  workload t ~ ~ c h n i q u e s  were 
e v a l u a t e d .  The r e a d e r  i s  r e f e r r e d  t o  t h i s  e a r l i e r  experiment f o r  a  d e t a i l e d  
d e s c r i p t i o n  of t h e  t a s k .  B r i e f l y ,  t h e  o v e r a l l  t a s k  conisisted of two 
components: s t r a i g h t  and l e v e l  f l i g h t  i n  mild t u r b u l e n c e  ( w i t h i n  s p e c i f i e d  
t o l e r a n c e s ) ,  and s o l u t i o n  of n a v i g a t i o n  problems. S u b j e c t s  performed t h e  
t a s k s  s i m u l t a n e o u s l y  wi th  i n s t r u c t i o n s  i n d i c a t i n g  e q u a l  p r i 0 r i t . g .  
The n a v i g a t i o n  t a s k  of s o l v i n g  wind t r i a n g l e  problems was used t o  
i n t e r j e c t  m e d i a t i o n a l  l o a d i n g  i n t o  t h e  b a s i c  f l i g h t  t a s k .  Wind v e c t o r  
t r i a n g l e s  d e p i c t e d  on s l i d e s  invo lved  s o l v i n g  f o r  t h e  e f f e c t s  of wind 
d i r e c t i o n  and v e l o c i t y  on t h e  p a t h  and speed of an  a i r c r a f t .  The s l i d e s  
c o n t a i n e d  bo th  a  problem t r i a n g l e  and a r e f e r e n c e  t r i a n g l e .  The r e f e r e n c e  
t r i a n g l e  provided numerical  v a l u e s  a s s o c i a t e d  wi th  t h e  t r i a n g l e  l e g s  and t h e  
a n g l e s  cor responding  t o  t h e  problem t r i a n g l e .  
The d i f f i c u l t y  of t h e  n a v i g a t i o n  problems was manipula ted by vary ing  t h e  
q u e s t i o n  type,  t h e  numbers used i n  t h e  mental  c a l c u l a t i o n  of t h e  problems, and 
the orientation of the*reference triangles. Depending upon the question type, 
the problems required triangle comparison, triangle comparison followed by an 
addition or subtraction, or triangle comparison followed by an addition or 
subtraction and a subsequent division. For all load levels, the slide 
presentation rate was held constant at a rate of one slide per 25 seconds. 
Subjects expressed their answers verbally. These responses were recorded fox 
later use in computing response time and number of correct responses. It is 
important to note that the subjects did not implement the solutions to the 
navigation problems. They maintained constant altitude, heading, and airspeed 
throughout each flight. 
The general flight procedures for the mediational experiment were the 
same as for the communications experiment. In particular, one practice and 
three data flights were performed, and subjects left the simulator while in 
autopilot to make their ratings and questionnaire responses. 
MEDIATIONAL EXPERIMENT RESULTS 
The main results of the mediational experiment are presented in Table 2. 
The table includes individual ANOVA's at a corrected a level of 0.01, 
standardized mean (Z-score) values for each rating scale, and Duncan's 
multiple comparisons tests for those scales having significant ,ANOVA'S. 
The results indicate that only the PBMCH scale was not significant at p < 
0.01. All of the scales exhibited monotonic increases with l0a13. In terms of 
the Duncanls.tests, sensitivity among those scales demonstrati~g significance 
could be ranked as follows: Most sensitive, MCH+; next inost sensitive, 
COMPMCH and NDT; next most sensitive, MCH and COMPMCH+. I-Iowr~ver, all five 
scales are actually quite sensitive, considering the small sample size and 
strict criterion used. 
To provide substantiation of the results obtained with the rating scale 
data, a MANOVA was performed using both mean response time and percentage of 
errors on the navigation problems for each experimental flight as dependent 
measures. When using the F-approximation of Wilks U-statistic to compare the 
groups of subjects assigned to each rating scale-condition, there was no 
significant main effect of rating scale, F (10,58) = 1.49, p = 0.1684. This 
- 
result indicates that no differences in primary taskperformance were 
associated with subject assignment. The lack of a rating scale main effect 
suggests that conclusions regarding the sensitivity of the scalc!s are based on 
true scale differences rather than group differences in primary task 
performance. 
A second MANOVA was conducted to determine whether there was a main 
. effect of experience level on mean response time and percent error in the 
mediational task. The F-approximation to Wilk' s U-statisti c revealed no 
significant differences intask performance associated-with ex~erience level, 
F (10, 58) = 0.49, p = 0.8894. 
- - 
Using the standardized ratings for the three load presentations--first, 
second, or third, a one-way analysis of variance revealed no significant 
differences attributed to load level presentation order, - F (2,'7O) = 0.37, 
- p = 
0.6942. A one-way ANOVA on the sum of the standardized ratings across the 
load levels for each subject indicated no significant effect!; of experience 
level on the summed ratings, - P (15,30) = 1.33, - p = 0.2815. 
The questionnaire responses to the low, medium, and high Load levels were 
sorted into comments which were "positive" or favorable in tone: and "negative" 
or unfavorable in tone. A Chi-square test revealed significant differences in 
the frequencies of the favorable and unfavorable responses across the load 
levels, 6 = 55.94, p = 0.0001. Favorable comments occurred most often at the 
low load level, whiie unfavorable ones occurred most often at: the high load 
level. Based on categories which were derived by sorting, il: seems that the 
major factors which influenced the subjects' ratings were the amount of time 
available, the difficulty sf the task, and their assessment of how well the 
task requirements were met. 
In terms of comparison of the MCH scale results of this experiment with 
those of the earlier mediational experiment (Wierwille, Rahinli, and Casali, 
1 9 8 4 ) ,  it was found that again the two were virtually identical.. 
CONCLUSIONS DRAWN FROM THE RESULTS OF THE TWO EXPERIILENTS 
Several conclusions can be readily drawn by comparing the information 
contained in Tables 1 and 2. First, in terms of global sensitivity, only the 
MCH and the COMPMCB exhibited significance in both experiments at the p < 0.01 
 level.^ This finding indicates that none of the other scales possess as high a 
general sensitivity as the MCH scale and its computerized version. All of the 
other scales exhibited sensitivity in only one experiment. While the MCH+ 
scale and NDT scale exhibited slightly higher sensitivities than the MCH in 
the mediational experiment, these two scales could not be counted on to 
provide better results than the MCH in other types of experiments. 
The table also shows that the MCH scale and COMF'MCH scale are about equal 
in sensitivity. Apparently, computerizing the scale, such that a subject is 
forced to use the tree structure, has no effect on the sensirivity of the 
scale. In the communications experiment the MCH scale is slightly more 
sensitive, and in the mediational experiment the COMPMCH is slightly more 
sensitive. On balance, however, they have the same sensitivity. 
It should be noted that each given subject used only one rating scale. 
-. 
Thus, the ratings for the MCH+ scale, for example, were performed by the same 
group of subjects in both experiments. Therefore, one cannot attribute the 
differences in scale sensitivity across experiments to individual differences 
in subject groups. All other peripheral statistical tests support the 
conclusion that all of the scales except the MCH and COMPMCH are task 
dependent. 
Other conclusions can also be drawn. Does increasing the number of 
categories from 10 to 15 as in the MCH+ scale (Figure 2) improve sensitivity? 
The answer appears to be "not consistently". While the MCH+ is somewhat more 
sensitive in the mediational experiment, it is substantially less sensitive in 
the communications experiment. For the computerized version of the 15 
category scale (the COPfPMCH+), sensitivity is about the same a:; the MCH in the 
mediational experiment and much lower than the MCH in thts communications 
experiment. The conclusion is that 15 categories is not gene;ra l ly  as good as 
10 categories. 
Does revision of the scale to produce a left-to-right decision tree with 
15 categories (the PBMCH, Figure 3) improve sensitivity? The answer to this 
question is "no". The PBMCH is not as sensitive as the MCH irl either of the 
two experiments. 
Finally, does a tabular format, with the decision tree rerioved (the NDT, 
Figure 4) improve sensitivity? The answer in this case is again "not 
consistently". While the NDT is slightly more sensitive than the MCH in the 
mediational experiment, it is much less sensitive than the MCH in the 
communications experiment. 
In regard to the questionnaire responses, it was found that pilots do 
rate on the basis of concepts similar to those which researchers tend to think 
should be included in workload. While wording did vary, the subjects tended 
to rate on the basis of time pressure, difficulty, assessed performance, and 
problems of time sharing. Their comments changed in tone artd frequency as 
expected with load level. 
In general then, conflicting results between the two experiments indicate 
that sensitivity of most rating scales varies in subtle ways. However, the 
MCH scale ,and its computerized version are consistently sensitive and 
reliable. Furthermore, pilots' ratings appear to be based on factors similar 
to those which researchers currently consider important. 
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I i I L 1. S a ~ ; l p l c  f'rarne of Llie COMPMCIl rating scale .  
YIWOR W I  ANNOYING YM~RAIILI MW ~ U I M  Y(11u I f  WI IS KOUYI~O 10 W~ICULTY  nu IMP~~~TI SISIY 4 1 W Y W U  
MIMI11 WORKLGM IS MODLRATLLV OBltCIYW18(f ll01 WIRAIW Y l l U  iIfbR1 6 UOUiUO 10 
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Figure 2. MCkI+ rating sca le  (reduced in s i z e ) .  

